Abstract. This paper presents , a novel design of semi-circular patch antenna for Ultra-wideband (UWB) 
Introduction
The massive mobile data requirement has increased, in last ten years, mainly due to the video content. This is due to the capability of mobile handsets supporting 4k resolution which requires the data rate of 15.4Mbps [1] . This increase is due to the increasing number of user and viewing time. This will result in an annual traffic of 296.8 excabytes(EB) by 2019 [2] . Therefore, 5G communication network (IMT 2020 ) is the suggested solution to match this high data demand, with a capability of reaching up to data rate of 20Gbps. 5G is not only targeting enhanced mobile broadband (eMBB), but also it has diverse usage scenarios including, ultra reliable and low latency communication (URLLC) and massive machine type communication (mMTC) . In order to meet with the design challenges of 5G , frontend antenna layout for base stations and mobile hand set is an intense area of research. Recently, technology of ultra-wideband has received high importance and growth in wireless communication systems due to its remarkable features. Federal Communication Commission (FCC) has allocated a frequency band ranging from 3.1 GHz to 10.6 GHz for such applications [3] [4] [5] [6] [7] [8] . These systems are characterized by extreme high data rates over their wide bandwidth, low power consumptions [9] [10] [11] [12] . Hence, designing a compact antenna with high performance in terms of operating frequency, radiation pattern, power gain, and fabrication cost remains a challenging task [13] [14] [15] [16] [17] .
Micro strip patch antennas are widely used in ultrawideband systems due to their advantages such as low cost, simplicity, light weight, and structure size. Thus, proposed antenna is a patch semi-circular antenna fed by a micro strip line as shown in figure 1(a) . Next section will present details of the antenna structure and parameters. Fig.1 shows the geometry structure of the proposed semi-circular monopole antenna. The entire design and parametric optimization process have been carried out using industrial standard simulation software named as HFSS [15] . Table 1 , shows detailed parameters dimensions in mm. The patch has been printed on a substrate material of FR-4 which had relative parameter value of Ɛr=4.4 and a tangent loss of tan δ= 0.02. All this was fed by a micro strip feeding line having an impedance of 50Ω.
Antenna Design
The total structure size of the proposed antenna is 25 × 25 mm 2 . The monopole has a partial ground plane on the backside as shown in fig.1 (b) having a total length of 25 mm and a width of 7 mm. 
Results and Discussion
Parametric studies have been carried out on crucial parameters that play main role in the impedance matching as part of performance optimization process. Fig.2(b) reveals the reflection coefficient in dB as a function of frequency in GHz for several lengths of ground plane. It can be observed that a width (GW) of 7 mm results in wide operating frequency (from 3 GHz to 11.5 GHz) that covers the entire UWB set by FCC, while other lengths causes to shortage in impedance match that lead to a drawback in the bandwidth. Also, the micro strip feeding lines has been optimized as shown in fig.2(a) for different widths. At TL1= 3 mm and TL2 = 2.5mm more power input has been accepted by the radiating structure and lower return loss occurred. In addition, the semi-circular patch has the main role in this designing process. Fig.2(c) presents the high effect of the semi-circular radiator size on the impedance match and bandwidth represent by the reflection coefficient (Γ). Fig.2(d) presents both simulated and experimentally measured S11 as a function of frequency in GHz after optimization process. Normalized radiation pattern to the maximum values for the monopole antenna have been simulated and measured experimentally and shown in polar form in the fig.3 . It illustrates both planes elevation or E plane and azimuth or H plane at the two resonant frequencies (4.9GHz, and 7.5GHz). It can be noticed that the radiation has approximatelyomni directional pattern over all the operating frequency with minor distortions. Thus, the proposed monopole can be used at any placement direction within the wireless system. Both simulation and experimental results show good agreement with minor difference due to fabrication and experimental tools tolerance. 
Parametric studies have been carried out on crucial parameters that play main role in the impedance matching as part of performance optimization process. Fig.2(b) reveals the reflection coefficient in dB as a function of frequency in GHz for several lengths of ground plane. It can be observed that a width (GW) of 7 mm results in wide operating frequency (from 3 GHz till 11.5 GHz) that covers the entire UWB set by FCC, while other lengths causes to shortage in impedance match that lead to a drawback in the bandwidth. Also, the micro strip feeding lines has been optimized as shown in fig.2 (a) for different lengths (TL). At TL1= 3 mm and TL2 = 2.5mm more power input has been accepted by the radiating structure and lower return loss occurred. In addition, the semi-circular patch has the main role in this designing process. Fig.2(c) presents the high effect of the semi-circular radiator size on the impedance match and bandwidth represent by the reflection coefficient (Γ). Fig.2(d) presents both simulated and experimentally measured S11 as a function of frequency in GHz after optimization process. Normalized radiation pattern to the maximum values for the monopole antenna have been simulated and measured experimentally and shown in polar form in the fig.3 . It illustrates both planes elevation or E plane and azimuth or H plane at the two resonant frequencies (4.9GHz, and 7.5GHz). These two arbitary frequieny values have been chosen to represent the midband section of the addressed UWB. It can be noticed that the radiation has approximately omni directional pattern over all the operating frequency with minor distortions. Thus, the proposed monopole can be used at any placement direction within the wireless system. Both simulation and experimental results show good agreement with minor difference due to fabrication and experimental tools tolerance.
. 
Conclusion
A novel , compact semi-circular patch antenna for UltraWide Band wireless applications has been designed. The patch antenna is fabricated on a substrate material FR-4 with relative permittivity of Ɛr=4.4 and structure size of 25×25 mm 2 .As part of optimization and instigation process, parametric studies has been carried out on several parameters. The patch also has been fabricated and experimentally tested and achieved satisfactory measurements over UWB ranging from 3 GHz to 11.5 GHz which are in an excellent agreement with simulated and measured results, interms of returnloss, bandwidth and gain. In addition, the antenna shows omni directional radiation patterns in E and H plane.The maximum measured gain of the antenna ranges from 1.7 dBi to 4dBi over the entire band with band width up to 125%. Therefore, the results indicate that monopole is suitable for the UWB systems. 
